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An expandable tubular reinforcing member (10, 





20. 35) of the invention is used for a txxiy lumen, such 
as a blood vessel for reinforcement. The reinforcing 
memt>er is formed of a tortuous section (12. 13, 22, 23. 
36) having a plurality of laterally extending elongated 
members (1 5. 25, 26. 37. 38), and a plurality of vertically 
extending end members (16, 27. 28, 40) situated 
between two adjacent elongated members for connect- 
ing the same. The tortuous section is arranged diago- 
nally to form a cylindrical shape with a first diameter 
extending in a spiral form. The elongated members gen- 
erally extend parallel to a central £uds of tiie cylindrical 
shape. A plurality of joint memt>ers (18. 29. 41) is situ- 
ated between two end memt>ers arranged in the cylin- 
drical shape to keep the shape. When a radial force is 
applied from an inside of the reinfordng member, the 
elongated members are bent relative to the end mem- 
bers to ttiereby allow the tubular reinforcing member to 
have a second diameter larger than the first diameter to 
thereby hoM the body lumen. 
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Description 

Background of the Invention and Related Art Statement 

The invention relates to a flexible stent to be 
implartted within body lumen, such as an artery, to 
maintain patency thereof. 'Stent* here is defined as a 
prosthetic member used for reinforcing the blood vessel, 
and is very useful in the treatment of atherosclerotic ste- 
nosis in blood vessels. 

When the txxly lumen is weakened, for example, 
dissectional artery lining occurs in a body lumen such 
as a t>lood vessel, the weak part of the body lumen 
might oollapse to occlude a fluid passagevway. To pre- 
vent such an occlusion, a stent is implanted within the 
blood vessel to support the blood vessel from the inside 
thereof. Namely, a stent is delivered to a desired loca- 
tion in the blood vessel, and expanded in a circumferen- 
tial direction in the blood vessel to support and maintain 
the patency of the blood vessel. Using the stent to sup* 
port the blood vessel can avoid surgical exposing, incis- 
ing, removing, replacing or bypassing a defective blood 
vessel required in the conventional vascular surgery. 

There have been introduced various types of 
stents, and they can be typically categorized from view- 
points of methods for expanding tiie stent, shapes, 
methods for manufacturing the stent, desigr^ and so 
on. From a viewpoint of methods for expanding the 
stent, stents can be categorized as a self-expandable 
stent which can be expanded by itself, and a balloon 
expandable stent. In the balloon expandable stent, the 
stent is mounted on an expandable member, such as a 
balloon, provided on a distal end of an intravascular 
catiieter. and the cattieter is advanced to the desired 
location in the body lumen to deliver the stent Then, the 
balloon on the catiieter is inflated to expand tiie stent 
into a permanent expanded condition, and tiie balloon is 
deflated for removing the catheter from the stent. 

From a viewpoint of materials, stents can be cate- 
gorized into a tubular stent and a wire stent, and from a 
viewpoint of metiiods for manufacturing the stent, stents 
can be categorized as an etched stent and a laser cut 
stent. Then, from a viewpoint of designs, stents can be 
categorized into numerous types, but roughly, stents 
can be categorized into a stent having a zigzag pattern 
on tiie surface thereof, arvl a stent having a diamond 
pattern on the surface thereof. 

Further details of prior art stents can be found in 
U.S. Patent No. 5.562.697. U.S. Patent No. 5.540.713. 
US. Patent No. 5.575.816. U.S. Patent No. 5.569,295. 
U.S. Patent No. 5.496.365. U.S. Patent No. 5.344.426. 
U.S. Patent No 5.139.480 and US. Patent No. 
5.135.536. 

In all types of stents, the stent expands from an ini- 
tial diameter to a larger diameter so as to be suitable for 
a particular size of the targeted body cavity Therefore, 
the stent must have expandability in the circumferential 
direction. Also, since the reason why the stent is placed 



in the body lumen is to support a cavity wall therein to 
maintain the patency thereof, it is very important tiiat 
the stent has radial strength as well as support capabil- 
ity. 

5 At tiie same time, since the stent is generally deliv- 
ered through torturous path to the desired location in 
the body lumen, the stent must have flexibility in the 
axial direction. Namely, the stent must be flexible and is 
bent easily to tiiereby facilitate tiie delivery of the stent 
10 in the narrow and meandering body lumen. 

In the aforementioned various types, since a wire 
stent is made by simply berxling a wire having flexibility, 
the wire stent is not only expanded easily, but also 
shrunk easily. Namely, the wire stent does not have sup- 

15 port capability for maintaining the expanded condition in 
order to keep tiie body lumen open. On tiie otiier hand, 
a tube type stent has enough support capability to main- 
tain its expanded condition for holding the body lumen 
open. However, since the tube stent is not flexible in the 

20 axial direction, it is difficult to deliver the tube stent in the 
tortuous lumen to locate the stent in the desirable site. 

In the zigzag pattern stent, struts attached in zigzag 
shape are connected in the circumferential direction to 
form a tubular shape stent. Therefore, when the stent is 

25 exparKled. the zigzag shaped struts expand in the cir- 
cumferential (Srection. but easily pushed back. Although 
the zigzag pattern stent has flexibility in the axial direc- 
tion to facilitate the delivery of the stent in tiie body 
lumen, the zigzag pattern stent does not have enough 

so radial strength and support capability to support tiie 
body lumen and maintain tiie patency thereof. 

In the stent having a diamond pattern, struts form- 
ing diamond shapes are connected in tiie circumferen- 
tial direction to form a tubular shape stent As the 

35 diamond pattern stent opens, the diamorxj shapes 
expand to give scuffling structure to the stent for excel- 
lent radial strength to maintain the patency of the body 
lumen. The diamond pattern stent, however, has almost 
no flexibility in the axial direction. 

40 In order to improve axial flexibility in the diamond 
pattern stent, many attempts have been made by plac- 
ing flexible curved joints between diamonds, or by 
removing some joints between diamonds which are 
connected in the axial direction. These attempts had 

45 contributed to improvement for the axial flexibility of the 
diamond pattern stent in a certain degree, but did not 
fully improve axial flexibility to be conparable level of 
the zigzag pattern stent 

Accordingly, an object of the invention is to provide 

so a stent, which has a high degree of flexibility in the axial 
direction to advance through narrow tortuous passage- 
ways. 

Another object of the invention is to provide a stent 
as stated atx>ve. which also has strong radial strength 
55 and support capability in the circumferential direction. 

Further objects and advantages of the invention will 
be apparent from the following desaiption of the inven- 
tion. 
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Suminary of the invention 

To achieve the aforementioned objects of the inven- 
tion, a stent or an expeurdable tutxjlar reinforcing mem- 
ber is formed of a tortuous section having a pluralrty of s 
laterally extending elongated mennt>ers. and a pluralrty 
of vertically extending end members situated between 
two adjacent elongated members for connecting the 
same. The tortuous section is arranged diagonally to 
form a cylindrical shape with a first diameter extending 10 
in a spiral form so that the elongated members gener- 
ally extend parallel to a central axis of the cylindrical 
shape. A plurality of joint members extends between 
two end members arranged in the cylindrical shape and 
situated adjacent to each other When a radial force is is 
applied from an inside of the reinforcing member, the 
elongated members are bent relative to the end mem- 
t>ers to thereby allow the tubular reinforcing member to 
have a second diameter larger than the first diameter. 

In the invention, since the tortuous section is 20 
arranged spirally, the stent can be k^nt easily along the 
longitudinal direction thereof to thereby facilitate inser- 
tion of the stent to a desired portion in the blood vessel. 

The tortuous section may be formed of a first tortu- 
ous member having a plurality of first lateral members. 2S 
and a plurality of first vertical members situated 
between two adjacent first lateral members fa connect- 
ing the same, ttie first tortuous member extending con- 
tinuously from an end to an end; a second tortuous 
member having a plurality of second lateral members 30 
and a plurality of second vertical members situa' 
between two adjacent second lateral members for c 
necting tiie same, the second tortuous memtser extern • 
ing continuously from an end to an end; and a plurality 
of connecting members. Each connecting member is 35 
situated between the first and second vertical members 
to connect tfie first and second tortuous members 
together as one unit. The connecting members are 
arrarrged diagonally along the periphery of the cylindri- 
cal shape in the direction of expansion from the first 40 
diameter to the second diameter. 

Since the tortuous section is formed of the first and 
second tortuous members connected by the connecting 
members, the stent can possess sufT^ent rigidity as 
well as longitudinal flexibility. 4S 

The elongated members may include long mem- 
bers and short members arranged one after the otiier. 
Each short member has inclined ends connected to the 
end members, and each end of the joint member is con- 
nected to both the inclined end and the end mender. so 

Brief Description of the Drawings 

Fig. 1 is a side view of a stent extended in a flat form 
according to a first embodiment of the invention; ss 
Fig. 2 is a plan view of a strip forming the stent as 
shown in Fig. 1 ; 

Rg. 3 an enlarged plan view of a part of the sbip 



shown in Fig. 2; 

Rg. 4 is a front view of the stent before it is 
expanded; 

Rg. 5 is a front view of the stent after it is expanded; 
Rg. 6 is a side view of a sterrt extended in a flat form 
according to a second emtxxf iment of the invention, 
wherein two sti-ips are wound to form the cylindrical 
shape stent; 

Rg. 7 is an enlarged plan view of a part of ttie strip 
forming the stent shown in Rg. 6; 
Rg. 8 is a side view of a stent extended in a flat form 
according to a third emfcKXiiment of the invention, 
which is formed of a plurality of tortuous members. 

Detailed Description of a Preferred Emtxxiiments 

Hereinafter, an emtxxiiment of the present inven- 
tion is explained with reference to the attached draw- 
ings. 

A sterrt 10 of a first embodiment of the invention is 
shown in Rg. 1 . The stent 10 is formed of a diagonally 
arranged strip 11 as shown in Fig. 2, which is wound 
spirally in a cylindrical shape. The strip 1 1 includes two 
tortuous members 12, 13 connected by connecting 
members or joint struts 14. As shown in Rg. 3. each of 
the tortuous members 12. 13 is formed of a plurality of 
parallel members or struts 15 and convex portions 16. 

17 for connecting tiie struts 15. Thus, each tortuous 
member extends continuously and diagonally in a wav- 
ing form. The tortuous memt>ers 12, 13 are connected 
t>y the connecting members 14 at the convex portions 
17. The connecting members 14 extend diagonally, so 
that when the stent 10 is enlarged, ttie connecting mem- 
k^s 14 can be bent easily 

In the embodiment, the strip 1 1 is formed from a flat 
metal sheet by etching process or laser cutting. How- 
ever, it is possible to form the pattern in a metal tube by 
etching. 

Then, in the emtxxiiment of the present invention, 
the strip 1 1 is wound spirally in a circular shape, and the 
wound strip in ttie circular shape is partiy connected by 
bridge struts 18 to prevent unwinding. The bridge strut 

18 should be formed at both ends in the circular shape 
to keep the shape at the ends, but one or more bridge 
strut 1 8 may be formed in the middle portion thereof. No 
bridge strut 18 may be formed in the middle portion. 

In tiiis structure, the stent 10 is formed by simply 
winding the strip 11 spirally into a circular shape, 
wherein the portions of tiie strip 1 1 situated adjacent to 
each other are only partiy connected together. There- 
fore, the stent in the circular shape can be easily bent 
along the axial direction at portions k>etween the acQa- 
cent portions. Accordingly the stent 10 has high flexibil- 
ity in the axial direction to easily deliver the stent in the 
tortuous passageway such as body lumens. 

In the strip 11 of the invention, the convex portions 
17 are connected by the joint strut 14. As compared to 
a diamond pattern stent in which ends of struts forming 
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one diamond shape are connected to ends of struts 
fbmriing another diamond shape, the structure of the 
invention in which the joint strut 14 is connected to the 
convex portions 1 7 gives higher stability. 

When the atx>ve constructed stent 10 is implanted s 
in a body lumen, such as an artery, firstly, the stent 10 
having an initial diameter (Rg. 4) is delivered into the 
artery to be located in the desired location. While the 
stent 10 is delivered in the meandering artery, the stent 
can be bent easily because of the spiral stmcture. Then, io 
the stent 10 is expanded to have a second diameter D2 
as shown In Fig. 5, which Is larger than the initial dianrv 
eter and is located at the artery wherein the implan- 
tation of the stent is necessary. When the stent 10 is 
expanded to open the passageway in the artery, the is 
parallel struts 15 are inclined at the convex portions 16. 
17. Namely, the convex portions 16. 17 are bent, like 
opening a mouth. Tlie expanded stent 1 0 has a scuffGng 
structure to have enough stability andi strength to pre- 
vent the stent 10 from shrinWng, so that the artery can so 
be remained open. 

Incidentally, when the stent 10 is delivered and 
expanded, a delivery catheter assembly with an 
expandable member, such as a balloon, can be used. 
When the catheter assembly with a balloon is used to ss 
deliver the stent 10. the stent 10 is mounted on the bal- 
loon, and catheter assemt)ly is pushed into the implan- 
tation site. Then, the balloon is inflated for radially 
applying the force inside the stent 10. and the stent 10 
is expanded to have the second diameter D2. 30 

Preferably, when the stent 10 is constructed, end 
portions of the strip are adjusted in lengths, so that the 
ends of the stent 10 can be straight. 

Rgs. 6 and 7 show a second emkxxJiment 20 of a 
stent of the invention, which is formed by spirally wind- 35 
ing two strips 21 situated adjacent to each other. The 
strip 21 includes two tortuous members 22, 23 con- 
nected by connecting members or joint struts 24. As 
shown in Rg. 7. each of the tortuous members 22. 23 is 
formed of a plurality of struts 25, 26 and convex or con- 40 
necting portions 27. 28 for connecting the struts 25. 26. 
The struts 25 extend sut>stantially parallel to the central 
axis of the stent 20. but the struts 26 slightly incline in 
the expanding direction. The struts 25, 26 may slightiy 
incline in a vertical direction relative to the central axis. 45 
Each tortuous member extends continuously and diag- 
onally in a ¥vaving form. The tortuous members 22. 23 
are connected by the diagonal connecting members 24 
at the convex portions 28. 

In the embodiment 20. two strips 21 are jointed by so 
joining members 29 and are wound spirally in a circular 
shape, and the wound strips in ttie circular shape are 
partiy connected by bridge struts 30 to prevent unwind- 
ing. The jointed members 29 and the bridge struts 30 
may be straight or curved. 55 

As shown in an enlarged view of a part of the strips 
22 of Rg. 7. each portion 3 1 at which the sti^ut 26 is con- 
nected to the convex portion 28 has a size smaller than 



that of a middle portion thereof. Also, end portions of the 
joint strut 24 have a size smaller than that of the middle 
portion thereof. Therefore, when the stent 20 is opened, 
the struts 24. 26 can be bent easily. In the stent 20. 
when it is expanded, the connecting portions 27, 28 do 
not change the positions, and the struts 24. 25. 26 are 
bent relative to the connecting portions 27. 28. The 
stent 20 operates as in the stent 10. 

Rg. 8 shows a third embodiment 35 of the stent of 
the invention. The stent 35 is formed of a plurality of tor- 
tuous members 36 spirally arranged in a cylindrical 
form. The tortuous member 36 includes long struts 37, 
and short struts 38 with inclined portions 39 at both 
ends. Connecting portions 40 connect the short and 
long struts 37. 38 to form the tortuous member 36. The 
tortuous mank^rs 36 situated adjacent to each otiier 
are connected by joint struts 41. The stent 35 can be 
used as in the first and second errtxxliments. 

When a stent is expanded, in general, force is 
applied to the ends of the stent. In order to open the 
stent 35 easily and equally tiiroughout the entire length 
thereof, the size of the end portions 39 of the strut 38 is 
made small. Alternatively, end portions of the strut 41 
can be set to have a smaller size than those of sti-uts 
and the middle portion of the strut. Accordingly, when 
the stent is expanded, the strut 41 can be bent at the 
ends witii the smaller size so as to avdd warping. 

In the present invention, since the tortuous member 
is arranged spirally, the stent can be bent in the longitu- 
dinal direction relatively easily when tiie stent is placed 
in a patient body. Also, tiie stent of the invention can be 
opened easily and holds tine pressure applied thereto 
after it is expanded. 

Claims 

1 . An expandable tutxilar reinfbrdng member (1 0, 20. 
35) used for a body lumen comprising, 

a tortuous section (12. 13. 22. 23. 36) having a 
plurality of laterally extending elongated mem- 
bers (15) formed of one kind of long members 
(25. 37) and one kind of short members (26. 
38) an-anged one after the other, and a plurality 
of vertically extending end members (16, 17. 
27. 28, 40) situated between two adjacent elon- 
gated members for connecting the same, said 
tortuous section being arranged diagonally to 
form a cylindrical shape with a first diameter 
and extending in a spiral form so that the elon- 
gated members generally extend along a cen- 
tral axis of the cylindrical shape, and 
a plurality of joint members (18. 29. 41) extend- 
ing between two end members arranged in the 
cylindrical shape and situated adjacent to each 
other so that when a radial force is applied from 
an inside of the reinforcing member, the elon^ 
gated members are bent relative to the end 
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members to thereby allow the tubular retntorc- 
ing member to have a second diameter larger 
than the first diameter. 

2. An expandatsle tutMjIar reinforcing memt>er (1 0, 20) s 
according to claim 1 . wherein said tortuous section 
(12. 13, 22. 23) includes: 



3. An expandable tubular reinforcing member (10) 35 
according to claim 2, wherein said first lateral menv 
bers (15) are arranged parallel to each other; each 

of the first vertical members (16) is curved to pro- 
trude outwardly relative to the first lateral members; 
the second lateral members (15) are arranged par- 40 
allel to each other; and each of the second vertical 
members (16) is curved to protrude outwarelly rela- 
tive to the second lateral members. 

4. An expandat>le tut>ular reinforcing member (10) 45 
according to datm 3, wherein said joint members 
(18) are formed to connect some of the first and 
second vertical memt>ers. 

5. An expandable tutxjlar reinforcing member (20) so 
according to claim 2. wherein said first lateral mem- 
bers (22) include long members (25) and short 
members (26) arranged one after the other, said 
short members inclining slightly toward a bending 
direction thereof; and said second lateral members 55 
(23) include long members (25) and short memt>ers 
(26) arranged one after the other, said short mem- 
bers inclining slightly toward a bending direction 



th^eof. 

6. An expandable tubular reinforcing member (20) 
according to claim 5. wherein said long and short 
members (25; 26) of the first and second lateral 
members have sectional dimensions (31) smaller at 
end portfons than at middle portions to facilitate 
bending of the long and short memt)ers. 

7. An expandable tubular reinforcing member (20) 
according to claim 6, wherein said joint members 
(29) extend diagonally along the periphery of the 
cylindrical shape iri the direction of expansbn from 
the first diameter to the second diameter. 

8. An expandable tubular reinforcing member (1 0, 20) 
according to claim 2. wherein a plurality of said unit, 
each being formed of the first and second tortuous 
members (12, 13, 22, 23) and the connecting mem- 
bers (14, 24). is ananged side by side and wound in 
the spiral form. 

9. An expandable tuknilar reinforcing member (35) 
according to claim 1 . wherein said elongated mem- 
fc>ers include long members (37) and short mem- 
k^rs (38) arranged one after the other, each short 
member having inclined ends connected to the end 
members (40), each end of said joint mentber being 
connected to t)oth of the inclined end and the end 
member. 

10. An expandable tubular reinforcing member (10, 20. 
35) according to daim 1. wherein one of two kinds 
of the long and short m^nbers (15, 25. 26. 37. 38) 
extends parallel to the central axis of the cylindrical 
shape, and the other of the two kinds of the long 
and short members inclines relative to said one 
kind in a direction of expansion from the first diam- 
eter to the second diameter. 

11. An expandable tubular reinforcing member (20. 35) 
according to claim 10. wherein sakj fong members 
(25. 37) extend parallel to the central axis, and the 
short members (26. 38) incline relative to the long 
members. 



a first tortuous member (12, 22) having a plu- 
rality of first lateral members (15, 25. 26) and a io 
plurality of first vertical members (16, 28) situ- 
ated between two adjacent first lateral mem- 
bers for connecting the same, said first 
tortuous member extending continuously from 
an end to an end. is 
a second tortuous member (13, 23) having a 
plurality of second lateral members (15. 25. 
26). and a plurality of second vertical members 
(16, 28) situated between two adjacent second 
lateral memk>ers for connecting the same, said so 
secorKi tortuous member extending continu- 
ously from an ervj to an end. said first and sec- 
ond lateral members constituting the elongated 
members arxl said first and second vertical 
members constituting the end memtsers. and 2S 
a plurality of connecting members (14. 24). 
each being situated between the first and sec- 
ond vertical memt>ers to connect the first and 
second tortuous members together as one 
unit, said connecting members being arranged so 
diagonally along the periphery of the cylindrical 
shape in the direction of expansion from the 
first diameter to the second diameter. 
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(54) RexIMe stent 

(57) An expandable tubular reinforcing member (10. 
20. 35) of the invention is used for a i30dy lumen, such 
as a blood vessel for reinforcement. The reinforcing 
member is formed of a tortuous section (12. 13. 22. 23. 
36) having a plurality of laterally extending elongated 
members (15. 25. 26. 37. 38). and a plurality of vertically 
extending end members (16. 27, 28. 40) situated 
between two adjacent elongated members for connect- 
ing the same. The tortuous section is arranged diago- 
nally to form a cylindrical shape with a first diameter 
extending in a spiral form. The elongated members gen- 



erally extend parallel to a central axis of the cylindrical 
shape. A plurality of joint menders (18. 29. 41) is situ- 
ated t>etween two end memt>ers arranged in the cylin- 
drical shape to keep the shape. When a radial force is 
applied from an inside of the reinforcing member, the 
elongated members are bent relative to the end mem- 
bers to thereby allow the tutKilar reinforcing member to 
have a second diameter larger than the first diameter to 
thereby hold the body lumen. 
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